Abstract The European Landscape Convention (2000) states that landscape is an important contributor to the quality of life for people everywhere and that landscape is a complex of natural and cultural factors, as they are seen by the observer. Landscape preference, i.e. the degree to which people like a landscape and variations in the same type of landscape pattern, is an emerging field of knowledge, still under development. Moreover, knowing how preferences of rural landscapes differ among stakeholders can help define and support management responses to the changing demands of modern society. There is a need to understand this demand for new uses and activities, such as hunting, leisure, recreation, life quality support, and aesthetic appreciation. In Mediterranean extensive land use systems, such as the Montado, where agricultural production is under threat, but where the demand for amenity functions is increasing, assessing preferences and thus what the public is looking for, is particularly relevant. This papers demonstrates how photo based surveys can be an suitable tool for assessing landscape preferences in Montado landscapes, and also that, in order to cope with the underlying fuzziness of these landscapes, the images need to be edited (manipulated) so that the variations shown to respondents are adequately controlled in the study. The methodological approach as well as the results, of two different studies on the users preferences for Montado landscapes, applied to case-study areas in the region of Alentejo, Portugal, are presented. The issues concerned with photo manipulation are a particular focus of discussion.
Introduction
As in other Mediterranean landscapes, the Montado system reflects a long history of human occupation, progressively adapting land use to the environmental potentialities and constraints (Pinto-Correia 1993; Pinto-Correia and Fonseca 2009) . A complex agroforestry system, which is a combination of production of cork, wood and charcoal, meat and cereals, has been achieved. This has resulted in a particular landscape appearance, of an open, savannah-type, evergreen oak woodland. Apart from the main productive functions, the Montado also has a tradition for securing social functions for the local population, since it has been used by hunters, beekeepers and mushroom pickers, relevant as suppliers of supplementary food resources (Fonseca 2004) . Nowadays, the growing demand for rural landscape as a space for relaxation and recreation has increased the interest in the Montado, which is particularly attractive due to its combination of: (a) open and tree covered areas, (b) clear and shrub covered understorey, (c) a human management regime that provides a semi-natural appearance, (d) the presence of livestock in low densities, and e) the presence of wild flora and fauna (Gómez-Limón and de Lucio 1999; De Lucio and Múgica 1994) .
Nevertheless, present day management is still concentrated on production objectives, even if landowners are sometimes aware of the potential interest in the Montado for many other uses and for satisfying diverse human needs (Plieninger et al. 2004 ). Appropriate recognition of this demand is required for new management orientations within this system. The issue of landscape preferences and of what is looked for by the consumers, those who demand the various amenity functions, is central in defining guidelines for future management (Wiggering et al. 2003; de Val et al. 2006; Rogge et al. 2007) .
Also important is whether or not there is consensus of preferences among different interest groups and, if there is not, where and how preferences diverge (van den Berg et al. 1998; Garrod and Willis 1992; Brush et al. 2000; Bell 2001; Kearney et al. 2008; Surová and Pinto-Correia 2008) . Therefore, in order to support schemes, policies and instruments to stimulate amenity provision, it is important to have a clearer view of the differences in landscape demand between the major user groups of the countryside, so that public preferences and expectations can be matched (Wiggering et al. 2003 , de Val et al. 2006 , Rogge et al. 2007 .
Despite extensive international research on public preferences for landscapes, and for rural landscapes in particular (e.g. Coeterier 1996; Gulinck et al. 2001; Hagerhall 2001; Kaltenborn and Bjerke 2002; Dramstad et al. 2006; Rogge et al. 2007; Hunziker et al. 2008; Kearney et al. 2008; Natori and Chenoweth 2008; Tveit 2009; Ode et al. 2009 ) these topics are relatively unexplored to date in the literature about Mediterranean landscapes. In particular for Montado landscapes, but also for many other Mediterranean landscapes, where studies, research and methods to be defined have to deal with fuzziness. Due to their nature, Montado landscapes are distinguished by fuzzy boundaries with overlapping land cover classes (diverse combinations of forest cover, grass, and shrubs), at a variety of scales (Pinto-Correia and Vos 2004) . This overlap creates a somehow confusing landscape pattern (Van Doorn and Pinto-Correia 2007) . Since many fundamental ideas, as well as tools and methodologies for the reading and representation of landscapes, are constructed based mainly on more simple landscape patterns, there is still a wide range of challenges for landscape analysis applied to these complex Mediterranean landscapes.
Two recently completed research projects have dealt with landscape preferences in Montado areas, in the Portuguese region of Alentejo: ''AGROREGNew Techniques for Management of Cork oak Montado'' (2004 Montado'' ( -2008 , and ''MURAL-Multifunctionality at the farm and landscape level, towards agricultural and rural marginalization ''(2006-2008) . The continued use of a photograph support in preference surveys, applied to different groups of users of the landscape, helped to develop and improve analysis methods. The collection, selection, level of manipulation, key elements and exposure of photography, have been improved and adjusted step by step. Photo manipulation is here referred to as the application of image editing techniques in order to create an illusion or a virtual reality (by contrast with mere enhancement or correction), through digital means.
The objectives of this paper are twofold:
• To demonstrate how the fuzziness of certain landscapes, in this case the Montado, needs to be taken particularly into consideration when designing a survey to assess landscape preferences; • To document how the use of photo manipulation-and thus a simplification of a complex reality-can be a powerful and flexible tool, and a step forward for preference studies in this type of fuzzy landscapes.
The paper consists of four main parts. First the fuzziness of Montado landscapes and of the issues therefore emerging for analysis. Second a framework where concepts and problems with preference evaluation, photo based inquiries and the use of photo manipulation are presented. The third part explains the methodology and some survey results from the two research projects. In the fourth part there is a discussion about the need to adapt photo manipulation and the photo-based inquiries to the context of each research project, followed by some concluding remarks.
Fuzziness of Montado landscapes
Landscapes of intensive and specialized land use tend to be characterized by regular patches and well defined boundaries between patches, or between two areas of different land cover, as for example pasture and forest, or pasture and cultivated fields. This structure has led to the matrix-patch-corridor framework of landscape ecology (Forman and Godron 1986; Bastian and Steinhardt 2002; Zonneveld 1995) . But this framework cannot easily be applied in all types of landscapes. Issues of identification and delineation of elements emerge (van Doorn and Pinto-Correia 2007) . Mediterranean agro-silvo-pastoral landscapes, such as those of the Montado, contain continuous gradients in terms of land cover, i.e. they are often characterized by gradual changes in shrub and tree densities, a result of the combination of different levels of land use (tree cover and tree understorey) and of variable, extensive land use practices. Consequently these landscapes are usually marked by an overlapping of land cover classes, which result in fuzzy boundaries. In this type of system, two levels of fuzziness may be considered: (1) overlapping land cover classes, since there are different combinations of tree cover and understorey, and (2) indistinctive boundaries inbetween land cover classes i.e. the boundaries between two different land cover classes are not discrete edges but rather indeterminate boundaries, representing a gradual transition from one category to another (Fig. 1) . Delineating patches in these landscapes is more a matter of photo-interpretation, according to criteria that may be variable from one to another classification. Therefore, there is often the risk that mapping of land cover patches poorly represents the true heterogeneity of the landscape (McGarigal and Cushman 2005) . On the other hand, the fuzziness of the boundaries is inherent to the land use system and should be accepted as such. Small differences in terms of tree density and shrub cover reflect important differences in the abiotic factors (Joffre et al. 1999) , the type of management in the past and present (Joffre et al. 1999; Pinto-Correia 1993) , and levels of biodiversity (Ojeda et al. 1995) . These differences might also indicate different potentials for other complementary uses such as hunting, beekeeping, collection of natural products or recreation, and are thus of importance for landscape multifunctionality (Pinto-Correia and Vos 2004). The uncertainties that follow fuzziness should thus be taken into account when undertaking landscape analysis (Longley et al. 2005; van Doorn and Pinto-Correia 2007) .
Dealing with such fuzziness, introduces a wide range of challenges for landscape ecology and more broadly for landscape analysis. Taking into consideration the underlying fuzziness of extensive Mediterranean landscapes, and the need to distinguish between different levels of intensity of use, which do not correspond to sharp differences in the land cover, the option was taken to use computer edited photographs, so that choices could be more clear, and the exact aspects and elements to be distinguished by respondents would be easier to control (Al-Kodmany 1999; Surová and Pinto-Correia 2008) .
Photo based surveys
Visualization tools are extremely valuable to reproduce and present landscape patterns, in ways that reflect the preferences and perception of real landscapes, thus enabling non-professional people to evaluate them (Bell 2001) . Visualization tools are also very useful since the majority of people enjoy evaluating scenes and are ready to perform such a task, making communication easier (e.g., Kaplan and Kaplan 1989; Petrich 1984; Swihart and Petrich 1988, Kearney et al. 2008) . Over the last 20 years there have been numerous developments in visualization tools and design processes and techniques to assess the landscape preferences of a variety of observers (Dunn 1976; Law and Zube 1983; Shafer and Brush 1977; Shuttleworth 1980; Wherrett 2000; Pérez 2002; Yamashita 2002; Arriaza et al. 2004 ). This approach is based on acknowledging that the judgment of visualizations provides an appropriate way to measure and understand landscape preferences Vining 1983 in Arriaza et al. 2004) . For identifying users' preferences about landscapes, photographs are one of the most commonly used visual support tools. On-site surveys can be preferred to photograph-based surveys (e.g., Aoki 1981; Hull and Stewart 1995; Inose et al. 2002; Tanokura et al. 1999 in Hagerhall 2001 Scott and Canter 1997 in Natori and Chenoweth 2008) , since they provide a more direct way of presenting landscapes to observers, and all of the observers' senses can be used in the evaluation. However photograph-based surveys have the advantage of providing better control over the experience of viewing the landscape and of involving larger samples of observers and landscapes (Shuttleworth 1980; Natori and Chenoweth 2008) . Some authors have also shown that photograph-based surveys solicit basically the same rating responses as the on-site based surveys (correlation 0.80 or greater; e.g., Daniel and Boster 1976; Shuttleworth 1980; Stamps 1990 in Hill and Daniel 2008) . Thus, colour photographs have proven to be a satisfactory landscape representation when compared to in situ testing (Dramstad et al. 2006) .
For photo-based surveys, the photograph must be adapted to the study context in question, thus, depending on the study, the way the photo is collected, selected, edited (manipulated) and displayed will be important.
When using photographs in preference studies in Montado landscapes, some particular questions emerge-due to the unclear boundaries and fuzzy landscape patterns,. The particularities in landscape composition shown in different non-manipulated (real) photographs can be very difficult to perceive by survey respondents. The mixed composition of each land cover class, as well as fuzzy borders, makes it difficult for people to assess the differences between separate photos showing different patterns.
The use of photo manipulation enables researchers control of some unpredictable factors that distract the eye of respondents, as well as other ''noise'' that might be present in uncontrollable ways, and that could confound the results (Mace et al. 1999 in Natori and Chenoweth 2008) . With photo-manipulation it is possible to study the effect of a particular change in landscape and to control other variables (Karjalainen and Tyrvainen 2002) .The visual effect of the manipulation of a factor in a scene, such as the land use or some element in the landscape, can be accurately measured when everything else in the scene, as sky or horizon, stays the same (Bell 2001) . Nevertheless, even if the aim is not the study of changes, the qualities of illustrations compared need to be similar (Karjalainen and Tyrvainen 2002) . Photo manipulation is therefore more valuable in directing the attention towards the subject of the study in question. In addition the photo manipulation is a fast, simple and cheap tool that still requires development, in particular for Mediterranean landscapes, where its application has seldom been used.
Assessing user preferences concerning the Montado
In this section the methodological approach and the results of two surveys applied to Montado landscapes, is explained. One is the AGROREG study, where the aim was to produce a decision support tool for the managers of the cork oak (Quercus suber) Montado, based on different components of the system. Concerning multiple use management of this system, the main focus was to include data on landscape preferences by different users, e.g. for different functions in the tool. The area chosen for the surveys includes four municipalities where the Montado is the dominant land cover type (Fig. 2) . The other is the MURAL study, applied to the municipality of Castelo de Vide (Fig. 2) , where the dominant land cover type also is Montado. The aim here was to assess visual preferences for different landscape areas in the municipality, and within these areas, preferences concerning different variations in landscape composition. This means, for the Montado, different variations in tree cover density and in the intensity of use of the understorey or ground cover.
In both studies, the sample of respondents, comprising a variety of user groups, was built up through purposeful sampling (Patton 2002) , by direct contacts, through a snowball process, starting with key informants. This approach depends on the interviewers staying for long periods in the study areas, since personal contacts are crucial for the quality of the sampling. To understand the type of land cover pattern preferred for a specific function, the method proposed relies on surveys of specific groups of users, each group being related to a non-commodity landscape function (recreation, hunting, 2nd home owner, life quality, cultural identity). Each respondent was assigned to one category of user and was treated as such, even if he or she could also be included in another group. For example, a hunter can also be a local inhabitant, but if he was categorized for the enquiry as a hunter, this was clarified at the start and his answers were classified on this basis. The respondents were asked to choose the photographs from the point of view of their main use of the landscape and to explain their choice through an open explanation. The closed questions about landscape preferences for different landscape types were complemented by open-ended questions in order to gain more complete information e.g. which are the main reasons for choosing a particular photo (e.g.: aesthetic, biodiversity, land cover type, etc.).
MURAL

Objectives
Since the area of study, the Municipality of Castelo de Vide, is already attractive for a number of noncommodity functions supported by the rural landscape, the study objective was primarily to verify what the landscape patterns preferred by the different users, for their activity, and which the landscape elements that influence their choices. As a second objective, the study aimed to analyse the role of farming for the performance of these cultural and amenity functions, and to explore synergies and conflicts to be considered for future management options.
As farming practices was a background for this study, the main differences in landscape types and in intensities within these types were linked to the land cover classes and the variations in those as an expression of land use intensities.
Research area
The municipality of Castelo de Vide is located in the Northeast of the Alentejo region, close to the Spanish border (Fig. 2) . The four different landscape areas identified in a previous study (Menezes 2007) were used ( Fig. 3) : the most peripheral area with very poor soils and very extensive grazing use (A-Schist); the large part of the municipality with large scale holdings (i.e. latifundia) and extensive silvo-pastoral systems (B-Agro-silvo-pastoral); olive groves combined with grazing in small properties, around the main town (C-Olive grove mosaic); and a smaller area corresponding to the edge of the São Mamede mountain, with steep slopes and higher altitudes, mainly covered with forest (D-São Mamede hills). The results concerning Montado areas, area B, will be analyzed here.
Survey
The MURAL project had two different phases of photo-based enquiries. In the 1st phase real photos were used, and in the 2nd phase, manipulated photos were used. Results of the survey with real photos revealed that respondents found it difficult to read and assess the photos shown to them. However, the knowledge gained using real photos proved to be very important for the 2nd phase. In addition, the database of real photos was useful as a source for the photo manipulation used later on. Respondents were asked to select the photographs representing the most interesting pattern for the activity/interest in the landscape that he/she was representing, and also the reason for the preference. First they had to choose one of the four landscape areas, and then within each area, amongst different combinations of land cover. Photo collection: MURAL 1st phase A stratified random sampling by landscape areas was defined (Bunce et al. 2005, Ramos and Teixeira 2006) , resulting in 14 sample areas of 25 hectares each, covering a minimum of 1.25% of each landscape area (Fig. 3) . A grid with an interval of 125 m was superposed onto each sample area. In the junction between lines, photographs were taken according to the cardinal directions, North, South, East, West. As a result, 504 photographs were taken in April 2007, in conditions of good visibility, and securing that the season and atmospheric conditions were similar in all photos. Photographs with poor quality were rejected. The remaining (187 photographs) were grouped in 26 classes according to the combination of land cover types and intensities of use identified. One photograph per class was then randomly selected. In the end 30 photos were distributed into 5 panels (one representative of each of the four landscape areas together and the other four within each area). These were the set of photographs used as a basis for the enquiries in the 1st phase.
Results MURAL 1st phase
Data was analyzed in two steps. First for each user group, through a descriptive statistical approach, second for all the groups together, through a multiple correspondence analysis, where groups of variables with similar behaviour were gathered. The respondents showed distinct preferences for the four landscape areas, and the results were very interesting. As to the preferences within the landscape areas, which represent various land cover combinations and land use intensities, in each landscape area the analysis was very complex, since trends or clear associations were difficult to distinguish in both the frequency analysis and the multiple correspondence analysis. The lack of clarity of the results could be connected to the low definition of the real preferences by users. Nevertheless, as users were very confident in their first choice, and as their motivations were also clearly expressed, the hypothesis was raised that the fuzziness of the photographs shown was the reason for the confusion. In the real photos, the mixed patterns of the real situation become even more messy than in direct observation, and differentiation between classes and intensities of use is often not obvious, which makes detailed differentiation by observers difficult. From this first survey it was also registered that respondents sometimes chose the photographs not based on land use and land cover patterns but on the presence of certain elements such as rock outcrops, man-made elements (houses, paths, view to the town, etc.) or presence of cattle. Furthermore, when there were doubts in choosing between photos, the choice was made according the sky attractiveness or the presence or absence of the elements mentioned previously.
Photo manipulation: MURAL 2nd phase
Taking into consideration the fuzziness of these landscapes, and the need to distinguish between different levels of intensity which do not in reality correspond to very sharp differences in the land cover, the survey was repeated with computer-edited photographs, showing the same landscape compositions as in the original photographs, but with much pronounced distinction between elements (Surová and Pinto-Correia 2008) .
Each of the four landscape areas was treated separately. Representative photos of each landscape area were grouped, and from those, one single example was selected by the team as the photo that could best represent the landscape character of that area (de Val et al. 2006) . With this photo as the basis (background base photo), new versions were produced through manipulation. The final photos, for each landscape area, have the same background, the same horizon levels and the same sky. Each photo shows a specific land cover class, so that the set of photos covers all those which are relevant in the area, in the appropriate levels of intensity. The homogeneity of the photos concerning the background aims at concentrating the attention of the respondent on the components and elements that really matter for the survey objectives (Al-Kodmany 1999). All the photos used for manipulation were ones already used in the 1st phase (Fig. 4) .
Furthermore, other elements that are normally present in the local landscape, both natural (rock outcrops) and cultural (stone walls, houses, paths, livestock, view to the town), have also been added to Fig. 4 Landscape areas of the study area and a representative photograph of each area. These photos are non-manipulated and already used as representatives in 1st survey, excluding the photograph D-S. Mamede hills which was changed because in the 1st phase survey the photo used was taken after a recent fire event, and this aspect made the people less likely to choose this photo. These were the photos used as background base photos for the manipulation in the 2nd phase survey Agroforest Syst (2011) 82:209-224 215 other photo versions, so that these elements also could be an object of choice. The selection of these elements was based on results from the 1st phase. In the 2nd phase, for the four landscape areas, a total of 64 photos were produced, with different combinations of land cover class, intensity, and presence or absence of the above-mentioned elements.
As a result, photographs were grouped in order to give visual support in three main steps within each enquiry: a first set composed of four representative photographs of the four landscape areas of the municipality; a second set of photos composed of four groups of photos reflecting variation of land cover pattern within each landscape area; and a third set of photographs composed of the background of the photos reflecting variation of landscape pattern within landscape area, with variation of elements (cattle, house, etc.).
In the example above (Fig. 5) , the first goal was to create the five different land use types that are the most relevant in the landscape area B (Agro-silvopastoral systems). In these manipulations the purpose was for each photo to have a well defined foreground, showing a specific land cover type (i.e. one of the five land cover types relevant for area B), and a background, more distant, of reference, equal in all the photos (Background base photo-original photo). So with the original photo as the background layer (representative photo of landscape area B-Agrosilvo-pastoral systems), and using digital image software, different secondary layers, representing specific land use types were combined. Afterwards, for each of the five photos created, relevant elements in this landscape area (the house, the cattle, the rock outcrops) were added, as a third layer. In Fig. 8 ., this process is shown, just for photo B3 -Open cork oak Montado. The result is seven new photos, relating to the same land cover type. At the end of the manipulation process for the landscape area B, 32 photos were obtained: five photos of the five land cover types ? 27 with the added elements (note: for the photo B2 and B4 the cattle element was not added Fig. 5 Example of the photograph manipulation process for the Landscape area B-Agro-silvopastoral systems because the presence of the shrubs indicate that these areas are not being grazed).
Results (2nd phase)
Like 1st phase of the survey, data was analyzed in two steps. First for the samples in each user group, through a descriptive statistical approach, and second including all samples, through a multiple correspondence analysis.
The results for the representative photos of the four landscape areas, as in the 1st phase were very clear, and preferences were rather divergent. For the detailed differentiation within each landscape area in the 2nd phase, based on manipulated photos, the results demonstrated a clear understanding of the respondents about the land use and land cover shown in photographs, and there were clear distribution patterns of preferences between the user groups as shown in the example below.
As we can see in the example above (Table 1) , the different types of land cover and intensities of use, in landscape area B, correspond to a clear distribution of preferences. Concerning the preferences, some interesting results can be explored. For instance, the most open Montado was the most preferred by landowners, neo-rurals, and local inhabitants, although with different combinations of elements. This may be explained by specific reasons directly related to the functional relation of the group with the landscape. The landowners tend to choose the land cover that represents a guaranteed for farming production. Therefore they chose the Photo B3 because it expresses a more cared-for management and ongoing livestock production, with the use of the understorey or ground cover as pasture. The local people chose this photo mainly because this photo expresses the traditional way of farming, the most common type of management in the past. The neorurals chose this photo due to the aesthetic quality and the nature of the site. However, when it came to the elements chosen, local inhabitants chose the traditional elements that relate to human occupation and also traditional farming with cattle; for the neorurals it was quite the opposite: they only chose the rock outcrops because it is an element that fits well aesthetically in the landscape. Further they prefer landscapes with no signs of human occupation because they want to feel somehow isolated. Finally the landowners chose photos without rock outcrops since those are a problem for farming, and they chose the cattle as they related to production, and the house, for living or as a support for farming.
The shrubs (photo B2) raised the level of interest mainly for hunters and eco-tourists which were usually in agreement in their choice of photographs, although for completely different reasons. The ecotourists chose these kind of landscape and also the elements (rock outcrops) for aesthetic purposes and the nature of the site. The hunters have a much more practical perspective, and tended to choose the photo mainly due to expectations of a variety of game species, and preferred photos with rock outcrops that serve as refuge for game, but without any other elements, since both livestock and people proximity interfere with the wildlife. These kinds of areas were almost never chosen by landowners and local inhabitants since they represent the abandonment of the traditional way of farming.
Certain functions do have a clear preference for a landscape pattern, as happens with hunting and landowners, which clearly focus on diverging patterns. The functions related to life quality, weekend visitors and residence, results in more diverging preferences.
AGROREG
Objectives
The objective of this multidisciplinary study was to improve an existing decision support system for the sustainable management of the cork oak Montado. The landscape preferences of a variety of user groups was one type of information to be introduced into the decision support system. Due to the lack of knowledge about the attractiveness of different Montado landscape patterns for users of non-production functions, a specific survey was developed. Detailed explanation of methods and results of the survey are described and discussed in Pinto-Correia (2008, 2009) , and in other forthcoming publications (Surová et al. 2010 ).
Research area
The study focused on the area where the cork oak Montado is dominant, in the northwestern part of the Agroforest Syst (2011) 82:209-224 217 region of Alentejo (Fig. 2) . Four municipalities were selected for the survey process: Alcácer do Sal, Montemor-o-Novo, É vora and Coruche. The main settlements in these municipalities are surrounded by the Montado system, which is already used in a multifunctional way by local inhabitants and urban dwellers from the metropolitan area of Lisbon, as well as by foreign tourists. The survey of urban dwellers was applied in Lisbon.
Survey
Nine groups of users with different background or main activity practiced in the Montado were chosen for the survey: workers, hunters, beekeepers, mushroom pickers, foreign tourists, new rural inhabitants, rural inhabitants, urban dwellers from Lisbon and landowners. Potential respondents representing groups of hunters, tourists, beekeepers and landowners were randomly selected from existing contacts in local associations. Contacts with the other groups of land users were established with the help of the Montado landowners. Personal enquiries with volunteers were carried out. In total, 232 enquiries were completed: workers (N = 26), hunters (N = 26), beekeepers (N = 29), mushroom pickers (N = 12), foreign tourists (N = 24), new rural inhabitants (N = 31), rural inhabitants (N = 28), urban dwellers from Lisbon (N = 28) and Montado landowners (N = 28). The respondents were asked to choose three preferred photographs from the point of view of their main activity in the Montado and to explain their choice through an open explanation. In addition to the questions related with photo preferences, there were also questions related with the profile of the respondent.
Photo collection
The objective of the photo representations was to show different landscape patterns in the cork oak Montado, resulting from different management options. The number of photo representations had to be defined and simplified, due to the huge variation of Montado management options. Thus, four main aspects influenced by landowners' management were considered: presence of shrubs, presence and type of livestock, density of trees, and spatial distribution of trees. These are the dimensions that have the strongest influence on the landscape pattern in the Montado areas. In order to cover all chosen management options, about 500 colour photographs were taken from July to September 2004 in the cork oak Montado areas. The aim was to capture, in situ, the different patterns of cork oak Montado, on clear days, without clouds, in areas with relatively flat ground, with no people or man-made elements such as roads, electricity power lines, farm buildings, etc., and with an absence of water features. The aspects manipulated were related to the presence of shrubs and two types of grazing livestock-sheep and cattle. Finally, some corrections were performed by software, in order to reduce differences in the sky color on the photos. As a result 14 photos representing different types of the Montado landscape were obtained (Fig. 6) . Figure 7 shows an example of the kind of the photo manipulations carried out for the survey in the AGROREG project. The original photo captured in the field represented dense Montado with irregular configuration of trees and with shrubs served as a base (layer 1) for two landscape patterns. In order to enhance the aspect of the shrub presence, the layer with shrubs from another photo captured in the field (layer 2), was used. In addition, the layer with shrubs (layer 2) and grazing sheep (layer 3) were derived from the base photo and added and adapted to the scene. In the case of livestock manipulation on the photos, a unique layer with sheep and a unique layer with cattle were used, copied and adapted to all relevant photo representations. The aim was to avoid the influence on the respondents' preferences of the different amount or breed of livestock, as it was not the objective of the study.
Results
The first step in the analysis was a frequency analysis, in order to reveal the photos preferred by all respondents together. The next step was to look for variables having a significant effect on the preferences expressed. The influence of the socio-economic variables and user group was analyzed using the cross-tabulations and looking at the significant level of Pearson's v 2 tests. The variables of age, number of family members, family income and education level, all proved to be insignificant, as they had P-values 40.05. This finding indicates that preferences for different Montado types do not depend on socioeconomic variables of its land users. Furthermore, the consensus and divergences within user groups in relation to the preferences for different Montado types were identified, and several preferences for In order to identify the most important reasons for the respondents' decisions concerning the preferred Montado type, a content analysis was applied to the open explanations of the respondents. The open explanations of preferences by users helped to recognize landscape characteristics valued by different user groups. Accordingly to capture congruence and dissimilarity in landscape preferences for the landscape patterns studied, six distinct user groups were identified: hunters, Portuguese visitors looking for aesthetic function connected with tradition and identity, foreigner visitors looking for aesthetic function connected with new uses and life quality, mushroom pickers, beekeepers and landowners. These groups showed statistically significant differences in relation to preferences for the Montado types under consideration. Following a further step in the analysis, a ''utilitarian preference matrix'' was built up, as shown in Fig. 8 , with indicators of the attractiveness of Montado landscape patterns for different functions (Surová et al., this issue) . In the matrix, each studied Montado type is cross tabulated with the landscape function and labelled with one of the four numeric indicators, depending on the user group preferences for a given landscape pattern. This allowed for the integration of data on preferences into the decision support system CORKFITS, a software for single tree spatial growth simulation modelling, applied to cork oak stands in Southern Portugal (Ribeiro et al. 2006) .
Discussion
The two studies presented contribute to substantial knowledge improvement in this area of landscape preference for Montado landscapes. The recognition of different groups of users built into the identification of the sample, was helpful in the sense that it led to the identification, not of a common public preference distribution, but preferences associated with specific functions and users. The groups defined proved to be consistent, not only because they showed differentiated preferences, but also because complex statistical analysis of all enquiry data, in the case of the MURAL study, resulted in the identification of groups similar to the ones predefined for the sample (Menezes et al. 2009 ). As the preferences have been shown to differ, the information to be delivered as support to decision making for new management orientations can be much more accurate. Fig. 7 Example of the photo manipulation used in the survey carried out in AGROREG project. The Photo A is an original photo captured in the field serving as a base (layer 1) for Photo B-representing dense irregular Montado with shrubs and for Photo Crepresenting dense irregular Montado with shrubs and sheep. The aspect of shrubs on the Photos B and C was enhanced in image editing software by layer with shrubs (layer 2) from an other photo, and furthermore on the Photo C, the layer with pasturing sheep (layer 3) was added and adapted to the scene In relation to the methodological approach developed in the surveys presented, several points deserve discussion. The use of photographs as visual stimuli improved the curiosity of the respondents and strengthened their interest in the questions formulated. The quality of the manipulation is important: the respondents perceived the manipulated photographs as real photos, which allowed a relationship to real life situations, and also raised their confidence in the enquiry. This facilitated the communication process, and consequently helped to focus the information exchange on the different landscape patterns. Respondents were with one or two single exceptions, highly open to the enquiry situation, and positively involved in the choice task they were asked to perform.
Compared with situations where real photos of Montado systems were shown, with the manipulated photos the recognition of different patterns, and their association with favourite activities, was relatively easy for respondents. Also helpful was the focus of the two studies, on a limited number of land cover types, use intensities, and landscape elements and their combinations, the effects of which were easily recognized as being different in the photos.
Another notable advantage was the possibility for respondents to compare several photographs and several landscape patterns simultaneously. Visiting different Montado types in reality during the enquiries would be too expensive and time consuming. Also, during real visits of the same area, the perception of the landscape could have been influenced by different atmospheric and light conditions. As such, the photographs can be shown to result in a favourable control of the conditions under which the landscape was perceived, and allowed for greater clarity about the stated preferences to be revealed.
Undoubtedly, the use of manipulated photos for this type of survey also raises some problems. This is not as relevant in the survey phase, but important in the use of the results. Results of preference distributions can be related to types of management and the related types of landscape patterns, but not with particular areas or farm units. Thus, the relationship between the results and real land cover distribution patterns, and thus with landscape indicators or metrics that reflect these patterns, is more complex to define. In the same way, the relationship between the preferred pattern and the exact management options that result in this pattern is also difficult to establish. Nevertheless, proxy indicators can be built for both dimensions, and this approach has so far shown it can represent progress in the sense of assessing and measuring preferences so they can be integrated in the formulation of strategies for the future management of the Montado.
Concluding remarks
As explained previously, in areas dominated by extensive land use systems like the Montado, changes Fig. 8 Example of the preferences expressed by different user groups which correspond to different social functions for five types of management of cork oak Montado system in landscape pattern are often connected with different intensities of use, within the same system. The Montado, as with other of these agro-silvo-pastoral systems, is high resilient to changes in management and may therefore appear with different densities of tree and of soil cover (Aronson et al. 2009; PintoCorreia and Fonseca 2009 ). As production looses its relevance, emerging amenity functions gain importance; new goals for management may be defined by each owner, demanding a new knowledge basis. Being able to assess how the above-mentioned changes influence preferences for the landscape by different users, is therefore a fundamental contribution the future management of these systems. The knowledge produced so far, in the two studies presented in this paper, is still under development, as the data not yet been fully exploited. The relationship between the preference distribution, landscape indicators and management indicators is still under development. This will be further developed in future studies. Another important step will be to progress through obtaining more data on preferences, enabling the results be generalised.
